Introduction
elovl4 transcripts, eye, brain, liver, muscle, heart, gills, spleen, kidney and intestine were collected 126 from wild S. argus (50-60 g) captured from the coast near NAMBS, after fish were anaesthetized 127 with 0.01% 2-phenoxyethanol. Tissue samples were frozen in liquid nitrogen immediately after 128 collection and stored at -80 °C until RNA extraction.
129
Molecular cloning of elovl5 and elovl4 cDNAs 130 Total RNA was extracted from S. argus liver and eye using Trizol reagent (Invitrogen, USA) 131 and reverse transcribed into cDNA using random primers and an appropriate (Invitrogen, USA). For elovl5, degenerate primers (E5F1 and E5R1, Table1) were designed on the 133 basis of alignment of fish elovl5 including rabbitfish (GU597350), cobia (FJ440239)，zebrafish 134 (Danio rerio) (NM_200453) and rainbow trout (Oncorhynchus mykiss) (AY605100), and used for 135 amplifying partial fragments of putative elovl5 cDNA from S. argus by polymerase chain reaction 136 (PCR). For elovl4, degenerate primers (E4F1 and E4R1, Table1) were designed on the basis on the 137 alignment of several fish elovl4 including cobia (HM026361), rabbitfish (JF320823), and zebrafish 138 Elovl4a (NM_200796) and Elovl4b (NM_199972), and used for amplifying partial fragments of 139 putative elovl4 cDNA fragment by PCR. For both elovl cDNAs, PCR (RT-PCR kit, Invitrogen, USA) 140 consisted of an initial denaturation at 94 °C for 3 min, followed by 35 cycles of denaturation at 6 94 °C for 30 s, annealing at 58 °C for 30 s and extension at 72 °C for 1 min, followed by a final 142 extension at 72 °C for 10 min. For both genes, the PCR fragments of the expected size were 143 subsequently cloned into the pMD18-T vector (Takara, Dalian, China) and sequenced (Sangon, 144 Shang Hai, China). Gene-specific primers were then designed to produce the full-length cDNA by 145 5' (primers E5R2/E5R3 and E4R2/E4R3 for elovl5 and elovl4, respectively) and 3 ' (E5F2 and E5F3, 146 E4F2 and E4F3) rapid amplification of cDNA ends (RACE) PCR (Gene Racer ™ Kit, Invitrogen, 147 USA) (Table1).
148

Sequence and phylogenetic analysis of Elovl5 and Elovl4
149
The deduced amino acid (aa) sequences of the newly cloned elongases were aligned with their 150 corresponding orthologues from rabbitfish (Elovl5, ADE34561; Elovl4, ADZ73580), Nibe croaker 151 (Elovl5, ACR47973; Elovl4, AJD80650), cobia (Elovl5, ACJ65150; Elovl4, ADG59898), Atlantic 152 salmon (Elvol5a, AAO13175; Elovl5b, ACI62499; Elovl4, ADJ95235) and zebrafish (Elovl5, 153 NP_956747; Elovl4b, NP956266) using ClustalW2 (Higgins & Sharp, 1989 constructed using the neighbor-joining method (Saitou & Nei, 1987) . Confidence in the resulting 159 phylogenetic tree branch topology was measured through bootstrapping through 1000 iterations. Acros Organics, NJ, USA) as described previously (Li et al., 2008; Xie et al., 2014) . FAME were 185 purified by TLC, resuspended in hexane (Berry, 2004) , and separated using a gas chromatograph 186 (GC2010-plus, Shimadzu, Japan) as described in detail previously (Li et al., 2010 The elovl mRNA expression data were presented as means ± standard error of mean (n = 9).
213
Differences in the expression of elovl5 and elovl4 (tissue distribution and nutritional regulations 214 experiments) were analyzed by one-way ANOVA followed by Tukey's multiple comparison. All 215 analyses were conducted using SPSS v17.0 (SPSS Inc., Chicago, IL, USA). (Fig. 2) . PUFA substrates to corresponding elongated products (Fig. 3) . As shown in Table 2 , S. argus Elovl5 247 had an apparent preference for C18 and C20 over C22 FA substrates. Moreover, n-3 PUFA were 248 elongated to a greater extent compared to their corresponding n-6 isomers with, for example, almost 249 73% of added 18:4n-3 was elongated whereas only 40% of added 18:3n-6 was elongated.
250
When the S. argus Elovl4 cDNA was expressed in the yeast cells, evidence of elongation of all 251 fatty acids was observed (Fig. 4, Table 2 ). Moreover, S. argus Elovl4 was more effectively convert 252 both C20 and C22 PUFA substrates to C24 products with no obvious preference in terms of fatty 253 acyl chain length (C20 vs C22) or FA series (n-3 vs n-6). 
Tissue expression of Elovl4 and Elovl5
255
RT-PCR was used to analyze the expression of elovl5 and elovl4 in S. argus tissues (Fig. 5) . 256 The transcript of elovl5 was detected in all tissues, with apparent higher expression levels in liver 257 compared to eye, intestine and brain. However, the expression of elovl4 was only detected in eye.
258
As expected, the housekeeping gene 18S rRNA was expressed in all tissues analyzed (Fig. 5) . with the same LNA/LA ratio as D2 (Fig. 6B) . The highest expression level of elovl5 was detected in 264 fish fed diet D5 with a dietary LNA/LA ratio of 1.72 (Fig. 6A) . A similar pattern was observed for 265 the expression of elovl4 in eye. Thus, fish fed all vegetable oil-based diets, except D3, showed a 266 significantly higher expression of elovl4 compared to fish fed FO. Like elovl5 in liver, the highest 267 expression of elovl4 in eye was observed in fish fed diet D5 (Fig. 6B) . Elovl-like encoding cDNAs showed similar substrate specificities as those described in rabbitfish. 285 Thus the S. argus Elovl5 has high activity towards C18 and C20 PUFA substrates, and relatively 286 low activity towards C22 PUFA. In addition to rabbitfish (Monroig et al., 2012) , these results are 
306
The restricted pattern of elovl4 mRNA found in S. argus tissues is largely consistent with that of 307 rabbitfish, although brain also showed expression of elovl4 in the latter (Monroig et al., 2012) . In 308 contrast, more widespread distribution of elovl4 mRNA has been observed in the marine teleosts 309 cobia and orange-spotted grouper, where elovl4 transcripts were detected in eye, brain, testis, liver, 310 kidney, muscle and stomach (Monroig et al., 2011c; Li et al., 2015) . Although further studies are 311 required to draw a firm conclusion, the difference in the distribution pattern of elovl4 mRNAs of S. 312 argus and rabbitfish compared to other teleost fish may be linked to their feeding habits. For S. 313 argus elovl5 mRNA, a wide spread distribution pattern was obtained, with greatest expression level 314 in liver, eye, intestine and brain. This is similar to the tissue expression pattern obtained from 315 rabbitfish, in which the expression of an elovl5 was greatest in liver, followed by intestine and brain.
316
In contrast, studies on carnivorous marine fish, including cobia, Asian sea bass, Nibe croaker, 317 meagre, Japanese eel and Northern pike, showed that the expression of elovl5 transcript was 318 substantially higher in brain than other tissues (Zheng et al., 2009; Mohd-Yusof et al., 2010; 319 Yamamoto et al., 2010; Monroig et al., 2013; Carmona-Antoñanzas et al., 2013; Wang et al., 2014) .
320
From the functional and phylogenetic analysis, and tissue distribution of elovl5 and elovl4 321 transcripts, it is possible to conclude that the elongase complement involved in LC-PUFA 322 biosynthesis in S. argus is similar to that characterized in rabbitfish (Monroig et al., 2012) . While it 323 is unclear if phylogeny and/or feeding habits can partly explain such similarity between S. argus 324 and rabbitfish elongation capability, it is clear that such resemblance does not extend to Fads 12 complement. Thus, the sole Fads2 found in S. argus (Xie et al., 2014) , as observed in many fish 326 species, such as cobia, Nibe croaker, Japanese eel (Anguilla japonica) and common carp (Cyprinus 327 carpio var. Jian) (Zheng et al., 2009; Yamamoto et al., 2010; Wang et al., 2014; Kabeya et al., 2015;  328 Ren et al., 2013) , was characterized with Δ6-desaturase activity but no Δ5-and Δ4-desaturase (Xie   329   et al., 2014) . In contrast, the rabbitfish possess at least two Fads2 desaturases, a dual Δ6/Δ5 330 desaturase and a Δ4 desaturase, the latter being the first record of a Δ4 desaturation activity in 331 vertebrates (Li et al., 2010) . Additionally, the distribution of S. argus fads2 mRNA, with highest 332 expression in liver, followed a pattern typically found in freshwater/salmonid species in contrast to 333 carnivorous marine species whereby brain has shown the highest levels of fads2 transcription 334 (Monroig et al., 2011b) . These results further confirm the enormous diversification of fish 335 LC-PUFA biosynthesis specificities that has been previously hypothesized to be associated with 336 factors including habitat, trophic level and ecology, as well as species-specific evolutionary history 337 (Fonseca-Madrigal et al., 2014) . , 2011; Navarro-Guillen et al., 2014; Xie et al., 2014 Xie et al., , 2015 Kuah et al., 2015) . We herein 342 showed that dietary lipid resource also affected the expression of elovl5 and elovl4 in S. argus.
343
Generally speaking, both elovl4 and elovl5 were up-regulated in S. argus in response to low dietary 344 LC-PUFA (high VO) input. While nutritional regulation of elovl5 in liver has often been reported 345 (Ling et al., 2006; Morais et al., 2009; Yamamoto et al., 2010; Thanuthong et al., 2011; 346 Navarro-Guillen et al., 2014; Xie et al., 2015; Kuah et al., 2015) , regulatory mechanisms of 347 LC-PUFA in eye have less been investigated despite eye accumulating large amounts of LC-PUFA 348 in some species (Aveldaño, 1988; Agbaga et al., 2010; Harkewicz et al., 2012) . Li et al. (2015) 349 recently described an up-regulation of elovl4 in viscera of orange-spotted grouper larvae. Although LNA/LA ratio on elongase gene expression. In the present study, the mRNA expression of elvol5 366 and elovl4 was highest in liver and eye of S. argus fed a diet with an LNA/LA ratio of around 1.72.
367
As prior to the elongase activity, the Δ6 desaturase acting on LNA and LA increased with the elevation 368 of the dietary ALA/LA ratio (Thanuthong et al., 2011; Xie et al., 2014) . In our previous study, the 369 highest Δ6 fads mRNA expression was detected in liver of S. argus fed a diet with an LNA/LA ratio of proportional to the substitution rate per site. Numbers represent the frequencies with which the tree 662 topology presented was replicated after 1000 bootstrap iterations.
